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I sol at i on and Char act er i zat i on of O- Gl ucan Recept or s

on Human Mononucl ear Phagocyt es

By Joyce K. Czop and Jonat han Kay

Fr om t he Depar t ment of Medi ci ne, Har var d Medi cal School , Bost on, Massachuset t s 02115; and

t he Depar t ment of Rheumat ol ogy and I mmunol ogy, Br i gham and Women' s Hospi t al , Bost on,

Massachuset t s 02115

Summar y

j 6- gl ucan r ecept or s, wi t h l i gand speci f i ci t y f or yeast and f ungal car bohydr at e pol ymer s, have been

st udi ed as phagocyt i c r ecept or s of human monocyt es . To char act er i ze t hei r st r uct ur e, bi ndi ng

st udi es wer e car r i ed out wi t h human U937 cel l s and a r abbi t I gGant i - I d t hat r ecogni zes epi t opes

on monocyt e O- gl ucan r ecept or s . Unst i mul at ed U937 cel l s speci f i cal l y bound l ar ge amount s of

t he ant i - l d, but al most none of t he cont r ol ant i - i sot ype. At sat ur at i on, t he number of ant i - I d

mol ecul es bound per U937 cel l was 2 . 6 x 106 wi t h an appar ent K, of 1 . 9 x 10 7 M- ' .

I mmunopr eci pi t at es f r om det er gent l ysat es of sur f ace- r adi oi odi nat ed U937 cel l s cont ai ned onl y

t wo membr ane pr ot ei ns wi t h ant i geni c speci f i ci t y f or t he ant i - I d, one havi ng a mol wt of 180

kD and t he ot her 160 kD. Bot h pr ot ei ns wer e di sul f i de- l i nked and pr esent ed, af t er r educt i on,

as f i ve pol ypept i des of 95, 88, 60, 27, and 20 kD. Det er gent l ysat es of unl abel ed U937 cel l s,

pur i f i ed by af f i ni t y chr omat ogr aphy on ant i - l d- Sephar ose, yi el ded t he same t wo nonr educed pr ot ei ns

and f i ve r educt i on pr oduct s i n sl ab gel s st ai ned wi t h Coomassi e bl ue. I n West er n bl ot s pr obed

wi t h t he ant i - I d, t he most i mmunor eact i ve nonr educed and r educed af f i ni t y- pur i f i ed pr oduct s

wer e t he 160 and 20 kD mol ecul es, r espect i vel y . I mmunobl ot s of t wo- di mensi onal gel s showed

t he 180 and 160 kD pr ot ei ns t o expr ess a common epi t ope t hr ough di sul f i de l i nkage t o t he 20

kD pol ypept i de. By i mmunobl ot anal ysi s, U937 cel l gl ucan- bi ndi ng pr ot ei ns f r om det er gent

l ysat es cont ai ned t wo cel l pr ot ei ns ant i geni c f or t he ant i - I d t hat wer e i ndi st i ngui shabl e f r om

af f i ni t y- pur i f i ed mol ecul es i n si ze and subuni t composi t i on . St udi es of af f i ni t y- pur i f i ed pr ot ei ns

f r om det er gent l ysed human monocyt es wer e char act er i zed by i mmunobl ot anal ysi s and f ound

t o be i dent i cal t o U937 cel l R- gl ucan r ecept or s. They consi st ed of t wo di sul f i de- l i nked pr ot ei ns,

wi t h mol wt of 180 and 160 kD, and had i n common a 20 kDpol ypept i de wi t h t he ant i - I d epi t ope.

gl ucan r ecept or s ( 1) wer e f i r st i dent i f i ed on human mono-

cyt es as phagocyt i c r ecept or s whi ch i ni t i at e phagocyt osi s

of par t i cul at e act i vat or s of t he human al t er nat i ve compl ement

pat hway i n t he absence of opsoni ns ( 2) . Subsequent st udi es

pr i nci pal l y wi t h zymosan and gl ucan par t i cl es, have shown

t hat human al veol ar macr ophages ( 3) , neut r ophi l s ( 4- 6) , eo-

si nophi l s ( 7) , and mur i ne macr ophages ( 8, 9) possess phago-

cyt i c r ecept or s of compar abl e l i gand speci f i ci t y f or t he ( 3- gl u-

cans commonl y pr esent i n yeast s and f ungi ( 10) . Pat hogens

such as candi da and asper gi l l i cont ai n " yeast " gl ucan ( 11) ,

cel l wal l component s consi st i ng of br anched homopol ymer s

of O- D- gl ucose wi t h 1, 3- consecut i ve and 1, 6- cr ossl i nked chai ns

( 12) and pr ot ot ypi c of Sacchar omyces cer evi si ae ( 10) . Par t i cu-

l at e yeast gl ucan i s si mi l ar i n si ze and gl ucose composi t i on

t o zymosan par t i cl es ( 13, 14) , but di f f er ent i n car bohydr at e

and pr ot ei n cont ent , wi t h gl ucan par t i cl es bei ng a pur er f or m

of zymosan ( 12, 15) .

The smal l est f unct i onal uni t l i gand f or human monocyt e

a- gl ucan r ecept or s has been i sol at ed f r ompur i f i ed yeast gl ucan

and shown by mass spect r omet r y t o be a hept agl ucosi de ( 16) .

The r ecent devel opment of r abbi t ant i - i di ot ypi c ant i bodi es

t o an I d of a mAb wi t h speci f i ci t y f or t he yeast hept agl uco-

si de has pr ovi ded t he f i r st i mmunol ogi c pr obe t hat r ecog-

ni zes epi t opes on monocyt e a- gl ucan r ecept or s ( 17) . The ant i -

I d speci f i cal l y bi nds t o human monocyt es and sel ect i vel y bl ocks

t hei r i ngest i on of zymosan and gl ucan par t i cl es . I n t he cur -

r ent st udi es, we det er mi ne t he r el at i onshi p bet ween U937

cel l pr ot ei ns wi t h t he ant i - I d epi t ope and a- gl ucan r ecept or s

by compar i ng t he pr ot ei ns el ut ed f r omant i - l d- Sephar ose t o

t hose f r omyeast gl ucan par t i cl es . Bot h r eagent s i dent i f y t he
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same t wo speci es of mol ecul es i n U937 cel l s and t hese ar e

al so pr esent i n human monor yt es.

Mat er i al s and Met hods

Chemi cal s and Reagent s .

	

Di i sopr opyl f i uor ophosphat e ( DFP) , '

NP- 40, PMSF, pepst at i n, l eupept i n, and gener al chemi cal s wer e

obt ai ned f r omSi gma Chemi cal Co . ( St . Loui s, MO) ; acr yl ami de,

SDS, gl yci ne, ni t r ocel l ul ose, and ot her el ect r ophor et i c suppl i es f r om

Bi o- Rad Labor at or i es ( Ri chmond, CA) ; and t he human my-

el omonocyt i c U937 cel l l i ne and mur i ne OKMI hybr i doma f r om

t he Amer i can Type Cul t ur e Col l ect i on ( Rockvi l l e, MD) .

Cel l Cul t ur e and I sol at i on .

	

U937 cel l s wer e cul t ur ed i n 150 cm2

t i ssue cul t ur e f l asks ( Cost ar Cor p. , Cambr i dge, MA) cont ai ni ng

RPMI 1640 Medi um( Gi bco Labor at or i es, Gr and I sl and, NY) and

10%heat - i nact i vat ed ( 56° Cf or 30 mi n) cal f ser um( Gi bco Labor a-

t or i es) . The cel l cul t ur es wer e i ncubat ed at 37° C i n a humi di f i ed

at mospher e of 5%CO2 and har vest ed dur i ng l ogar i t hmi c phase

of gr owt h by cent r i f ugat i on . As speci f i ed i n t he t ext , t he cel l s wer e

washed 3- 5 t i mes i n HBSS, whi ch l acked cal ci um, magnesi um,

and phenol r ed, or i n RPMI . They wer e r esuspended i n buf f er or

medi um, count ed on a Coul t er count er ( Coul t er El ect r oni cs, Hi a-

l eah, FL) , and measur ed f or vi abi l i t y by Tr ypan bl ue excl usi on, whi ch

was X95%.

Human monocyt es wer e i sol at ed ( 2) f r om nor mal ci t r at ed and

dext r an- t r eat ed bl ood, pur i f i ed by gr adi ent cent r i f ugat i on on Fi col l -

Paque ( Phar maci a Fi ne Chemi cal s, Pi scat away, NJ) , washed i n HBSS,

and r esuspended i n RPMI cont ai ni ng 1 mg/ ml BSA ( Mi l es Labor a-

t or i es, El khar t , I N) . Monol ayer s of monocyt es wer e pr epar ed ( 17)

i n 60- mmpl ast i c t i ssue cul t ur e di shes ( Bect on Di cki nson and Co. ,

Oxnar d, CA) ; 1 . 5 ml of 2. 2 x 106 / ml mononucl ear cel l s wer e

used i n each of t wo l ayer i ngs. By vi sual enumer at i on at x 40 wi t h

an i nver t ed phase cont r ast mi cr oscope and a cal i br at ed r et i cl e,

20- 35% of t he l ayer ed mononucl ear cel l s adher ed t o t he di shes .

By mor phol ogy and nonspeci f i c est er ase st ai ni ng, >95% of t he ad-

her ent cel l s wer e monor yt es .

Ant i bodi es.

	

Mouse I gG2a mAb UPC 10 wi t h speci f i ci t y f or

( 3- f r uct ans ( Or ganon Tekni ka Cor p. , Dur ham, NC) , noni mmune

r abbi t I gG( Mi l es I nc . , West Haven, CT) , and goat I gGant i - r abbi t

F( ab' ) 2 ( Cappel Labor at or i es, West chest er , PA) wer e pur chased;

r abbi t I gGant i - CR1( 18) was ki ndl y pr ovi ded by Dr . Ri char dJack

( Har var d Medi cal School , Bost on, MA) .

Mouse hybr r domms pr oduci ng I gG2a mAb OEA10 and I gG1

OKMI wi t h speci f i ci t i es f or yeast ( 3- gl ucans and t he ot chai n of

CD11b, r espect i vel y, wer e r ai sed i n spi nner cul t ur es ; t he mAb wer e

pur i f i ed by af f i ni t y chr omat ogr aphy wi t h r at mAb AHF5

ant i - mouse L chai n ( 17) . The ant i - I d, as descr i bed i n det ai l ( 17) ,

was r ai sed i n r abbi t s i mmuni zed wi t h mAb OEA10 and r ender ed

speci f i c f or I d by adsor pt i on of mouse ser ot ypi c and i sot ypi c det er -

mi nant s bef or e af f i ni t y pur i f i cat i on by passage and el ut i on f r om

Sephar ose- mAb OEA10 wi t h 0. 1 Mgl yci ne HCI , pH 2. 5 . Rabbi t

ant i - mouse I gG2a was el ut ed f r om Sephar ose- mAb UPC 10. By

SDS- PAGE, t hepur i f i ed ant i - I d and cor r espondi ng ant i - i sot ype con-

t ai ned onl y I gG.

Radi oi odi nat i on of Ant i bodi es .

	

Ant i body l abel i ng was car r i ed out

by t he chl or ogl ycour i l met hod ( 19) wi t h 100- 200 . ug of I gGpr ot ei n,

1- 2 mCi of car r i er - f r ee Na" SI ( New Engl and Nucl ear , Bost on,

MA) , and I ODO- BEADS ( Pi er ce Chemi cal Co. , Rockf or d, I L) .

I odi nat ed ant i body was separ at ed f r omf r ee i odi de by gel - f i l t r at i on

' Abbr evi at i ons used i n t hi s paper : DFP, di i sopr opyl f l uor ophosphat e ; DTT,

di t hi ot hr ei t ol .
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t hr ough Sephadex G- 25 ( Phar maci a Fi ne Chemi cal s) col umns i n

PBS and 0. 02%NaN3 . The speci f i c act i vi t y of t he r adi ol abel ed an-

t i bodi es was 1- 2 x 106 cpm/ l Ag .

Pr ot ei n- Coupl ed Sephar oseBeads andPur i f i ed Gl ucan Pbr t i cks .

	

BSA,
OKMI , noni mmune r abbi t I gG, ant i - i sot ype, and ant i - I d wer e each

coupl ed i n 0. 1 Mphosphat e buf f er , pH 7. 0, at a concent r at i on of
4 mg of pr ot ei n/ g of act i vat ed CH- Sephar ose beads ( Phar maci a Fi ne

Chemi cal s) wi t h coupl i ng ef f i ci enci es of 75- 85%. For ant i - CRI ,
t he pr opor t i on of pr ot ei n t o beads was r educed by hal f and 82%

of t he pr ot ei n was coval ent l y bound t o t he beads.

The pr epar at i on of pur i f i ed gl ucan par t i cl es f r om S. cer evi si ae

( Fl ei schmann, E. Hanover , NJ) was t he same as t hat used i n pr evi ous
st udi es ( 17) . The yeast wer e t r eat ed sequent i al l y wi t h hot NaOH,

hot acet i c aci d, et hanol , and acet one, and t he f i nal pr oduct dr i ed
under vacuum. Af t er r esuspensi on, t he par t i cl es wer e count ed and

anal yzed f or car bohydr at e and pr ot ei n ( 16) . 1 mg of gl ucan con-
t ai ned l Os par t i cl es, 99%car bohydr at e, 0. 6% pr ot ei n, and no neu-

t r al sugar ot her t han gl ucose .

Bi ndi ng St udi es wi t h U937 Cel l s.

	

Suspensi ons of 4 x 105 U937

cel l s, whi ch had been washed i n RPMI , wer e i ncubat ed i n 0. 30 ml

of col d RPMI cont ai ni ng 10 mMHepes, 300, ug of BSA, 40 wg
of noni mmune r abbi t I gG, and i ncr easi ng amount s of I ' l l - r abbi t

I gGant i - I d f or 90 mi n at 4° C, whi ch was suf f i ci ent t o r each equi -

l i br i um. Nonspeci f i c bi ndi ng was assessed by i ncubat i ng sampl es

i n t he pr esence of 40- t o 400- f ol d mol ar excess of unl abel ed ant i - I d .

Repl i cat e sampl es of cel l s i n 0. 075 ml wer e l ayer ed on 0. 25 ml of

a 3: 1 mi xt ur e of di but yl / di nonyl - phal at e ( I CN Bi omedi cal s I nc. ,

Pl ai nvi ew, NY) i n 0. 5 ml pol ypr opyl ene mi cr of uge t ubes and cen-

t r i f uged at 8, 000 g f or 1 mi n . The t ubes wer e cut , and t he pel l et s

and super nat ant s measur ed f or cel l - bound and f r ee ' 25 I - ant i - I d, r e-

spect i vel y. The speci f i c bi ndi ng dat a wer e anal yzed by t he LI GAND

comput er pr ogr am ( 20) t o det er mi ne t he af f i ni t y and number of

bound mol ecul es per cel l at sat ur at i on . Bi ndi ng of " 5 Pr abbi t I gG

ant i - mouse I gG2a ( UPC 10) was car r i ed out i n a smal l er manner

i n t he absence andpr esence of 40- f ol d excess unl abel ed ant i - i sot ype .

Radi oi odi nat i on and I mmunopr eci pi t at i on of Sur f ace U937 Cel l Pr o-

t ei ns. U937 cel l s, washed f i ve t i mes i n HBSS, wer e sur f ace- l abel ed

f or 1 h at 4° C by t he i ncubat i on of 2. 5 x 10 7 cel l s i n 1 ml of

HBSS and 1 mCi of Na' 2' I ( New Engl and Nucl ear ) i n gl ass vi al s

coat ed wi t h 150 hg of I ODO- GEN ( Pi er ce Chemi cal Co . ) . The

l abel ed cel l s wer e cent r i f uged at 700 g f or 4 mi n at 4° C, washed

t hr ee t i mes i n col d HBSS cont ai ni ng 2 mg/ ml BSA and t wi ce i n

buf f er al one, and t hen l ysed f or 1 h at 4° C i n 8 ml of HBSS con-

t ai ni ng 1%NP- 40, 5 mMDFP, 2 mMPMSF, 1 p. M pepst at i n,

and 1 p. M l eupept i n ( l ysi s buf f er ) . The l ysat es wer e cent r i f uged

at 10, 000 g f or 1 h at 4° C and t he r esul t i ng super nat ant f r act i ons

assessed f or r adi ol abel ed pr ot ei n . Of t he or i gi nal r adi oi odi de, 6 . 2

± 1. 7%( mean t SD, n - 7) was i ncor por at ed i nt o cel l s and 2. 7

± 1. 0% was pr eci pi t abl e by TCA.

For i mmunopr eci pi t at i on, t he det er gent - sol ubl e mat er i al s wer e

i ncubat ed f or 18 h at 4° Cwi t h Sephar ose- BSA and t he pr ecl ear ed

l ysat es sequent i al l y i ncubat ed f or 1 h at 4° Cwi t h 100 ; 1 of t he

packed pr ot ei n- coupl ed Sephar ose beads i ndi cat ed i n each st udy.

The beads wer e washed f i ve t i mes i n l ysi s buf f er , t r eat ed wi t h 300

WI of 1%SDS f or 5 mi n at 100° C t o el ut e adsor bed pr ot ei ns, and

sedi ment ed by cent r i f ugat i on at 700 g f or 5 mi n at 25° C. El ut ed

sol ubl e mat er i al s wer e cent r i f uged at 14, 000 g f or S mi n at 10° C,

l yophi l i zed, di ssol ved i n Laemml i sampl e buf f er ( 21) , and subj ect ed

t o SDS- PAGE as descr i bed bel ow. Radi oaut ogr aphs wer e pr epar ed

by exposi ng dr i ed gel s t o X- r ay f i l m ( XAR X- Omat ; East man

Kodak Co . , Rochest er , NY) .

Unl abel ed Cel l Lysat es.

	

Bat ches of 6. 4 t 2. 0 x 10s U937 cel l s

( mean ± SD, n = 21) wer e har vest ed and washed f our t i mes i n
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HBSS. Pel l et ed cel l s wer e r esuspended at a densi t y of 5 x 10 ,

cel l s/ ml of l ysi s buf f er , i ncubat ed f or 1 h at 4° Cwi t h f r equent agi -

t at i on, and st or ed at - 70° C. I mmedi at el y bef or e use, t he l ysat es

wer e cent r i f uged at 10, 000 g f or 1 h at 4° Ct o r emove det er gent -

i nsol ubl e mat er i al s.

For monocyt e l ysat es, r epl i cat e di shes of buf f er - washed adher ent

cel l s wer e each t r eat ed wi t h 1 . 5 ml of l ysi s buf f er and scr aped wi t h

a di sposabl e cel l scr aper ( Cost ar Cor p. ) . Exami nat i on of t he di shes

by i nver t ed phase mi cr oscopy r eveal ed nucl ei but f ew i nt act cel l s.

To maxi mi ze pr ot ei n yi el d, set s of di shes ( 29- 50) wi t h i ndi vi dual

donor monor yt es wer e t r eat ed wi t h l ysi s buf f er al r eady cont ai ni ng

sol ubi l i zed cel l s. The f i nal pool ed pr oduct was i ncubat ed f or 1 h

at 4° C, st or ed at - 70° C, and cl ar i f i ed by cent r i f ugat i on bef or e use.

I mmunoadsor pt i on and Gl ucan- Bi ndi ng.

	

For i mmunoadsor pt i on,

det er gent - sol ubl e mat er i al s of bat ch- l ysed U937 cel l s and mono-

cyt es wer e pr ecl ear ed as bef or e wi t h Sephar ose- BSA and t he

pr ecl ear ed pr oduct s sequent i al l y i ncubat ed wi t h Sephar ose beads

bear i ng noni mmune r abbi t I gGand ant i - I d . The beads wer e washed

and el ut ed, as descr i bed f or r adi ol abel ed i mmunopr eci pi t at es, and

t he f i nal sol ubl e pr oduct s wer e st or ed at - 70° C as l yophi l i zed

powder s .

For gl ucan- bound mat er i al s, r epl i cat e sampl es of det er gent - sol ubl e

l ysat es of 6 . 5 x 10' U937 cel l s wer e pr ecl ear ed wi t h Sephar ose-

BSA and i ncubat ed f or 4 h at 4° Cwi t h 6. 5 x 10 8 gl ucan par t i -

cl es . To obt ai n adequat e amount s of pr ot ei n, washed par t i cl es f r om

3- 4 sampl es wer e pool ed bef or e el ut i on and subsequent l yophi l i za-

t i on . For st udi es i n whi ch ( 3- gl ucan r ecept or s and pr ot ei ns wi t h

t he ant i - I d epi t ope wer e di r ect l y compar ed, par al l el sampl es of i m-

munoadsor bed pr ot ei ns wer e pr epar ed i n a si mi l ar manner .

I mmunoaf ni t y Col umn Chr omat ogr aphy .

	

For af f i ni t y pur i f i cat i on

of U937 cel l pr ot ei ns, 750- 900 ml of det er gent - sol ubl e f r act i ons

f r om 3- 4 x 109 l ysed cel l s and wi t h 0. 02% NaN3 wer e chr o-

mat ogr aphed sequent i al l y on col umns of Sephar ose 4B ( 6 x 2. 5

cm) , noni mmune r abbi t I gG- Sephar ose ( 4 . 5 x 2. 5 cm) , and ant i -

I d- Sephar ose ( 4 . 0 x 2 . 5 cm) at a f l ow r at e of 20 ml / h at 10 ° C.

Pr ot ei ns wer e cont i nuousl y moni t or ed by OD at 280 ur n wi t h an

on- l i ne UVdet ect or ( I sco, Li ncol n, NE) . The col umns wer e washed

i n 500- 750 ml of PBS wi t h 0. 02% azi de at a r at e of 35 ml / h. To

r emove azi de and t o est abl i sh basel i nes, t he ant i - I d- Sephar ose was

washed i n 100- 150 ml of PBS bef or e el ut i on of bound mat er i al s

wi t h 0. 1 Mgl yci ne- HCI , pH 2. 5 . The manual l y col l ect ed pr ot ei ns

wer e di al yzed at 4° Cagai nst 1 MMPO4 , 7. 5 mMNaCl , pH 7. 0,

l yophi l i zed, di ssol ved i n di st i l l ed wat er , and st or ed at - 70° C.

Pur i f i cat i on of monocyt e pr ot ei ns wer e car r i ed out i n a si mi l ar

f ashi on wi t h 60- 90 ml of det er gent - sol ubl e f r act i ons f r om 4- 7 x

108 l ysed monor yt es .

SDS- PAGE.

	

SDS- PAGE was per f or med as descr i bed ( 22) i n 1. 5-

mmdi scont i nuous sl ab gel s, a 3%gel st acked on a 5- 15%pol y-

acr yl ami de gr adi ent r esol vi ng gel . Pr ot ei n sampl es wer e pr epar ed

by heat i ng at 100° Cf or 5 mi n i n Laemml i sampl e buf f er cont ai ni ng

1%SDSwi t h or wi t hout 0. 1 Mdi t hi ot hr ei t ol ( DTT) . To est abl i sh

t he appar ent mol wt of cel l pr ot ei ns, pr est ai ned st andar ds ( Bet hesda

Resear ch Labor at or i es, Gai t her sbur g, MD) wer e used as mar ker

pr ot ei ns . The pr est ai ned st andar ds consi st ed of myosi n ( 200 kD) ,

phosphor yl ase b ( 97 kD) , BSA ( 67 kD) , OVA ( 43 kD) , car boni c

anhydr ase ( 29 kD) , ( 3- l act ogl obul i n ( 18 kD) , and l ysozyme ( 14 kD) .

Two- Di mensi onal El ect r ophor esi s.

	

For nonr educi ng/ r educi ng t wo-

di mensi onal SDS- PAGE, i mmunoaf f i ni t y pur i f i ed pr ot ei ns wer e

heat ed i n sampl e buf f er wi t h 1%SDS, l oaded i nt o 5- mm wel l s

of gel s, and el ect r ophor esed . Gel st r i ps, 11 x 2 cm, cont ai ni ng

t he r esol ved pr ot ei ns wer e exci sed, i ncubat ed at 25° C f or 1 h i n

sampl e buf f er wi t h 1%SDS and 0. 1 MDTT, and i nser t ed i nt o

a 13- cmsampl e wel l of t he second gel ; pr est ai ned st andar ds wer e
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l oaded i nt o a separ at e 7- mmwel l . The r unni ng buf f er f or t he second

gel s cont ai ned 0. 1 mMsodi um t hi ogl ycol l at e .

I mmunobl ot t i ng.

	

Pr ot ei ns r esol ved by SDS- PAGE wer e t r ansf er r ed

ont o ni t r ocel l ul ose, anal yzed by t he i mmunobl ot t i ng met hod de-

scr i bed ( 22) wi t h 25 ug/ ml of ant i - I d and 101 cpm/ ml of 1111- goat

ant i - r abbi t F( ab' ) 2, and det ect ed by r adi oaut ogr aphy on X- r ay f i l m.

The pr i mar y and secondar y ant i bodi es wer e di l ut ed i n 0. 01 MTr i s,
0. 15 MNaCl , 0. 02% NaN3, pH 7. 4, cont ai ni ng 2%BSA ( Tr i s-

BSA) . I n t he absence of ant i - I d, bl ot s i ncubat ed i n Tr i s- BSA wi t h

or wi t hout 25 Ft g/ ml of noni mmune r abbi t I gGcont ai ned no de-

t ect abl e pr ot ei ns .

Radi oaut ogr aphi c Met hodf or Pr ot ei n Det er mi nat i on .

	

To conser ve

i sol at ed cel l pr ot ei n, ser i al di l ut i ons of af f i ni t y- pur i f i ed pr ot ei ns wer e
spot t ed i n 2. 5 p. l ont o ni t r ocel l ul ose, det ect ed by di r ect pr obi ng

wi t h ' 211- ant i - I d i n r adi oaut ogr aphs, and quant i t at ed by densi t om-
et r y wi t h mAb OEA10, t he i mmunogen f or t he ant i - I d, as r ef er -

ence st andar d . To assess f or pur i t y, di l ut ed sampl es on r epl i cat e st r i ps
wer e t r eat ed i n a si mi l ar f ashi on wi t h l abel ed noni mmune r abbi t

I gGor goat ant i - r abbi t F( aV) 2 and t he concent r at i ons of det ect ed
pr ot ei n cal i br at ed agai nst unl abel ed ant i - I d. The pur i t y of i sol at ed

cel l pr ot ei ns wi t h t he ant i - I d epi t ope was >95%. Cont r ol bl ot s
pr obed wi t h 111- noni mmune I gGshowed no cel l or r ef er ence pr o-
t ei n . For t hr ee separ at e pr epar at i ons, t he yi el ds of af f i ni t y- pur i f i ed

U937 cel l pr ot ei n wer e 1 . 8 ± 1 . 0 p, g ( mean ± SD) per 108 l ysed
cel l s . Si mi l ar concent r at i ons of cel l pr ot ei n wer e obt ai ned by i n-

di r ect pr obi ng wi t h unl abel ed ant i - I d and det ect i on wi t h t he l a-

bel ed goat ant i body .

Resul t s

Bi ndi ng of t heAnt i - I d t o U937 Cel l s.

	

The ant i - I d i s speci f i c

f or t he I d of mAb OEA10 ant i - yeast ( 3- gl ucans and cr oss-

r eact i ve wi t h epi t opes f ound on human monocyt e 0- gl ucan

r ecept or s ( 17) . To det er mi ne whet her compar abl e epi t opes

wer e expr essed by U937 cel l s, pr el i mi nar y bi ndi ng st udi es

wer e car r i ed out wi t h dupl i cat e sampl e mi xt ur es cont ai ni ng

i ncr easi ng doses of 125 1- ant i - I d or 125 1- ant i - i sot ype i n t he ab-

sence and pr esence of 40- f ol d excess of t he cor r espondi ng un-

l abel ed ant i body. U937 cel l s exhi bi t ed subst ant i al amount s

of speci f i c bi ndi ng of t he ant i - I d, whi ch appr oached pl at eau

l evel s of 8% at an i nput of 1 l Ag of l abel ed ant i body, and

l ow l evel s of bi ndi ng of t he ant i - mouse i sot ype, whi ch r e-

mai ned const ant i r r espect i ve of dose ( dat a not shown) .

Bi ndi ng of t he ant i - I d t o U937 cel l s was f ur t her eval uat ed

wi t h dupl i cat e sampl e mi xt ur es cont ai ni ng 1 t t g of 1251-

ant i - I d and i ncr easi ng amount s of unl abel ed ant i - I d or noni m-

mune I gG, whi ch r anged f r om0 t o 400 hg. The aver age per -

cent age of bound
125 1- ant i - I d, i ni t i al l y 7. 76%, was pr ogr es-

si vel y decr eased by t he unl abel ed ant i body and unaf f ect ed by

noni mmune I gG ( Fi g. 1) . I n t he pr esence of 100 and 200

, ug of unl abel ed ant i - I d, bi ndi ng by U937 cel l s was r educed

t o aver ages of 0. 64 and 0. 53%, r espect i vel y. Speci f i c bi ndi ng

was det er mi ned by subt r act i ng t he per cent age of cel l - bound

r adi oact i vi t y i n t he pr esence of unl abel ed ant i - I d at a 400-

f ol d mol ar excess, mul t i pl yi ng t he r esul t i ng pr opor t i ons by

t he t ot al ant i body added, and anal yzi ng t he dat a i n Scat char d

pl ot s. U937 cel l s bound 0. 66 hg of ant i - I d per 106 cel l s,

equi val ent t o appr oxi mat el y 2. 6 x 106 I gG mol ecul es per

cel l , and t hese had an appar ent Ka of 1 . 9 x 10 7 M- 1 ( Fi g.
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Equi l i br i um bi ndi ng of r abbi t I gG ant i - I d t o unst i mul at ed

U937 cel l s . Suspensi ons of 4 x 10 5 cel l s wer e i ncubat ed f or 90 mi n at

4° C wi t h 1 hg of 1251- ant i - I d i n t he pr esence of i ncr easi ng amount s of

unl abel ed ant i - I d (zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" ) and noni mmune r abbi t I gG ( O) . Cel l - bound and

f r ee r adi ol abel wer e separ at ed by cent r i f ugat i on on oi l . The dat a ar e pl ot t ed

as t he mean wi t h r ange per cent cpmbound, ar e dupl i cat e det er mi nat i ons

of t wo cel l r eact i ons, and ar e r epr esent at i ve of t hr ee compl et e st udi es . The

dat a poi nt obt ai ned wi t h 400 I +g of unl abel ed ant i - I d was used i n cal cul a-

t i ons of speci f i c bi ndi ng ( / ) f or Scat char d anal ysi s ( i nset ) .

1, i nset ) . Al t hough t he number of appar ent bi ndi ng si t es was

hi gh, t her e wer e no si gni f i cant di f f er er i ces i n t he number of

sur f ace ant i geni c si t es or t hei r af f i ni t y f or t he ant i - I d wi t h

i ncr eased washi ng of har vest ed cel l s, pr ei ncubat i on of washed

cel l s i n HBSS f or 2- 4 h, or use of ul t r acent r i f uged pr epar a-

t i ons of ant i - I d . These dat a i ndi cat ed U937 cel l s t o be a r i ch

sour ce of pr ot ei ns wi t h t he ant i - I d epi t ope and possi bl e

speci f i ci t y f or yeast f 3- gl ucans .

I mmunopr eci pi t at i on of Sur f ace- Label ed U937 Cel l Pr ot ei ns .

Bi ochemi cal st udi es of pr ot ei ns wi t h t he ant i - I d epi t ope wer e

car r i ed out wi t h r adi oi odi nat ed i nt act U937 cel l s, whi ch wer e

subsequent l y l ysed . Det er gent - sol ubl e pr ot ei ns, sequent i al l y

i mmunopr eci pi t at ed by noni mmune r abbi t I gG, OKM1, ant i -

CRl , and ant i - I d, wer e r esol ved by SDS- PAGE and det ect ed

by r adi oaut ogr aphy . Two membr ane pr ot ei ns wer e speci f i cal l y

i mmunopr eci pi t at ed by t he ant i - I d : a pr omi nent speci es of

180 kD and a sl i ght l y l ess i nt ense mol ecul e of 160 kD ( Fi g.

2 A) . The det ect i on of l i t t l e or no pr ot ei n ant i geni c f or OKM1

or ant i - CR1 was i n agr eement wi t h ot her st udi es of t hese

r ecept or s on U937 cel l s ( 23, 24) . I mmunopr eci pi t at i ons per -

St r uct ur al Pr oper t i es of ( 3- Gl ucan Recept or s

Fi gur e 2 .

	

Sur f ace expr essi on of pr ot ei ns wi t h t he ant i - I d epi t ope by un-

st i mul at ed U937 cel l s . Det er gent - sol ubl e pr ot ei ns f r om sur f ace- r adi o-

i odi nat ed U937 cel l s wer e sequent i al l y i mmunopr eci pi t at ed f or 1 h each

at 4° C wi t h noni mmune r abbi t I gG ( l ane 1) , OKMI ( l ane 2) , ant i - CR1

( l ane 3) , and ant i - I d ( l ane 4) . The bound mat er i al s wer e el ut ed and r esol ved

i n nonr educed sampl es on 5- 15%acr yl ami de gr adi ent sl ab gel s by SDS-

PAGEwi t h r un- of f of t he dye f r ont ( A) . Sur f ace pr ot ei ns i n r educed sampl es

of el uat es sequent i al l y obt ai ned f r omnoni mmune I gG- ( l ane 1) and ant i -

I d- Sephar ose ( l ane 2) wer e r esol ved i n a si mi l ar manner ( B) . Dr i ed gel s

of t he nonr educed and r educed sampl es wer e exposed t o X- r ay f i l m f or

4 and 16 h, r espect i vel y . Mobi l i t y and si ze ( kD) of pr est ai ned pr ot ei n st an-

dar ds ar e i ndi cat ed.

f or med wi t hout pr eadsor pt i ons by OKM1 and/ or ant i - CR1

showed t he ant i - I d epi t ope t o be r est r i ct ed t o t he same t wo

pr ot ei ns and pr ovi ded f ur t her evi dence f or t he hi gh speci f i ci t y

of t he ant i - I d.

Af t er r educt i on, t he t wo membr ane pr ot ei ns wi t h t he ant i -

I d epi t ope showed sever al f ai nt l y det ect abl e r adi oact i ve bands

but l i t t l e or no par ent mol ecul e. To demonst r at e t hese mor e

cl ear l y, det er gent - sol ubl e pr ot ei ns wer e pr epar ed f r om f our

t i mes as many sur f ace- l abel ed cel l s and subj ect ed, as a si ngl e

bat ch, t o sequent i al i mmunopr eci pi t at i on wi t h noni mmune

I gG- and ant i - I d- Sephar ose beads . Fi ve pr omi nent r educt i on

pr oduct s of t he t wo i mmunospeci f i c membr ane pr ot ei ns wer e

det ect ed : a 95 kD, an 88 kD, a 60 kD, a 27 W, and a 20

kD ( Fi g . 2 B) . None of t hese was det ect ed i n el uat es f r om

t he noni mmune I gG- coupl ed beads .

I mmunoaf f r ni t y Pur i f i cat i on of Det er gent - Sol ubl e U937 Cel l

Pr ot ei ns . To det er mi ne whet her addi t i onal cel l ul ar pr ot ei ns

cont ai ned t he ant i - I d epi t ope, sol ubl e pr ot ei ns f r om3- 4 x

109 det er gent - l ysed cel l s wer e passaged t hr ough col umns of

noni mmune I gG- Sephar ose f ol l owed by passage and el ut i on

f r omcol umns of ant i - I d- Sephar ose. The af f i ni t y- pur i f i ed pr o-

t ei ns wer e r esol ved i n nonr educed and r educed sampl es by

SDS- PAGE and det ect ed by st ai ni ng wi t h Coomassi e bl ue.

El ect r ophor et i c separ at i on of an est i mat ed 5 hg of pur i f i ed

pr ot ei n yi el ded t wo maj or mol ecul es of 180 and 160 Mand
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Fi gur e 3 .

	

Expr essi on of t he ant i - I d epi t ope by sol ubl e U937 cel l pr o-

t ei ns . Pr ot ei ns f r om det er gent l ysed U937 cel l s wer e pur i f i ed by af f i ni t y

chr omat ogr aphy on ant i - I d- Sephar ose, r esol ved wi t hout ( l ane 1) and wi t h

( l ane 2) r educt i on i n 5- 15%acr yl ami de gr adi ent sl ab gel s by SDS- PAGE,

and st ai ned wi t h Coomassi e bl ue. Si mi l ar anal ysi s of t hr ee pr epar at i ons

of pur i f i ed cel l pr ot ei ns showed no addi t i onal mol ecul es . Mobi l i t y and si ze

( kD) of pr est ai ned st andar ds ar e i ndi cat ed.

f i ve pr omi nent r educt i on pr oduct s o£ 95, 88, 60, 27, and 20 kD

( Fi g . 3) . By densi t omet r y, t he concent r at i on of t he 180 kD

pr ot ei n was appr oxi mat el y t wo- t hi r ds t hat of t he 160 kD,

wher eas t he concent r at i ons of t he f i ve r educt i on pr oduct s wer e

near l y equal . I n addi t i on t o t hese pr ot ei ns, nonr educed sampl es

cont ai ned t wo appar ent aggr egat es of hi gh mol wt and a pr o-

t ei n of 60 kD, whi ch, as a gr oup, account ed f or about 15%

of t he t ot al st ai ned pr ot ei n ; r educed sampl es had a 5- 7%con-

t ent of a 160 kD st ai ned pr ot ei n . Anal yses of t hr ee pr epar a-

t i ons of si mi l ar l y pur i f i ed pr ot ei ns showed sl i ght l y di f f er ent

pr opor t i ons of t hese mi nor const i t uent s, but no addi t i onal

mol ecul es wi t h t he ant i - I d epi t ope.

I mmunobl ot Anal ysi s of Af ni t r Pur i f i ed U937 Cel l Pr o-

t ei ns. For r esol ut i on of t he 180 and 160 kD pr ot ei ns and

compar i son of t hei r r educt i on pr oduct s, nonr educed and r e-

duced sampl es cont ai ni ng 0 . 4 Ag of af f i ni t y- pur i f i ed cel l pr o-
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I mmunobl ot of af f i ni t y- pur i f i ed U937 cel l pr ot ei ns wi t h t he

ant i - I d epi t ope. Nonr educed ( l ane 1) and r educed ( l ane 2) sampl es each

wi t h 0 . 4 kg of pur i f i ed U937 cel l pr ot ei ns wer e subj ect ed t o SDS- PAGE,

t r ansf er r ed ont o ni t r ocel l ul ose, pr obed wi t h t he ant i - I d, and det ect ed by

r adi oaut ogr aphy wi t h 1 2 5I - goat ant i - r abbi t F( ab' ) 2 ; t he f i l m was exposed

f or 6 d. I n dupl i cat e bl ot s, none of t he pr ot ei ns was r eact i ve wi t h noni m-

mune r abbi t I gG or t he l abel ed goat ant i body . Mobi l i t y and si ze ( W)

of pr est ai ned st andar ds ar e i ndi cat ed.

t ei n wer e subj ect ed t o SDS- PAGE, el ect r ophor et i cal l y t r ans-

f er r ed ont o ni t r ocel l ul ose, and pr obed wi t h t he ant i - I d . Under

t hese condi t i ons, t he 180 and 160 kD pr ot ei ns wer e cl ear l y

r eact i ve wi t h t he ant i - I d, but t he onl y det ect abl e pr ot ei n af t er

r educt i on was t he 20 kDpol ypept i de ( Fi g . 4) . Nei t her t hese

mol ecul es nor t he appar ent aggr egat es showed r eact i vi t y wi t h

noni mmune I gG or 1251- goat ant i - r abbi t F( ab' ) 2 ( dat a not

shown) .

React i vi t y of t he ant i - I d wi t h t he 160 kDpr ot ei n was al ways

gr eat er t han t hat of t he 180 kD. Thi s was f ur t her conf i r med

by i mmunobl ot anal ysi s of t wo- di mensi onal gel s . For t hi s

anal ysi s, 4 . 8 Wg of nonr educed af f i ni t y- pur i f i ed pr ot ei n wer e
r esol ved i n t he f i r st gel . These pr ot ei ns wer e r educed i n t he

second di mensi on, t r ansf er r ed ont o ni t r ocel l ul ose, and pr obed

wi t h t he ant i - I d i n i mmunobl ot s . The ant i - I d det ect ed t he
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20 kD pol ypept i de, as f ound pr evi ousl y, and f ur t her demon-

st r at ed t hat t hi s subuni t component was a const i t uent of each

of t he nonr educed pr ot ei ns, i ncl udi ng al l of t he aggr egat ed

pr ot ei ns ( Fi g. 5) . Smal l er amount s of r educed pol ypept i des

of 95, 60, and 27 kD wer e al so det ect abl e, i ndi cat i ng t hat

t he ant i - I d epi t ope was not l i mi t ed t o t he 20 kD pol ypept i de .

I dent i f i cat i on and Char act er i zat i on of U937 Cel l a- Gl ucan

Recept or s . To det er mi ne whet her U937 cel l s had ( 3- gl ucan

r ecept or s r eact i ve wi t h t he ant i - I d, sampl es of gl ucan par t i -

cl es wer e i ncubat ed wi t h det er gent - sol ubl e pr ot ei ns at a

par t i cl e- t o- cel l r at i o of 10 : 1, washed, and t he el ut ed mat er i al s

wer e anal yzed i n i mmunobl ot s . For compar i son, sol ubl e pr o-

t ei ns f r om t he same bat ches and number s of l ysed cel l s wer e

i mmunoadsor bed wi t h an equal r at i o of packed ant i - I d-

Sephar ose beads; nonr educed and r educed sampl es each con-

t ai ni ng hal f of t he el ut ed pr ot ei ns wer e anal yzed concur r ent l y

wi t h t he gl ucan- der i ved mat er i al s . Under t hese condi t i ons,

t he pr ot ei ns el ut ed f r om ant i - l d- Sephar ose beads wer e

mar kedl y over l oaded i n nonr educed sampl es ; however , al l wer e

cl ear l y r esol ved by r educt i on and demonst r at ed t o cont ai n

abundant quant i t i es of t he 20 kD pol ypept i de ( Fi g . 6, l anes

1 and 3) . Two di st i nct gl ucan- bi ndi ng pr ot ei ns wer e i dent i f i ed

wi t h t he ant i - l d, a mi nor pr ot ei n of 180 kD and a maj or

mol ecul e of 160 kD; one pr omi nent pol ypept i de of 20 kD

was det ect ed af t er r educt i on of equal amount s of pr ot ei n ( Fi g.

6, l anes 2 and 4) . Cont r ol el uat es f r om t he same number s

of pool ed buf f er - t r eat ed gl ucan par t i cl es ( 2 x 109) cont ai ned

no det ect abl e pr ot ei n i n i mmunobl ot s pr obed di r ect l y or i n-

di r ect l y wi t h ei t her noni mmune I gG or ant i - I d ( dat a not

shown) . Despi t e t he pr esence of l ar ge amount s of pr ot ei n,

1516 St r uct ur al Pr oper t i es of ( 3- Gl ucan Recept or s

none of t he pr ot ei ns bear i ng t he ant i - I d epi t ope f r omant i body ,

or gl ucan- der i ved sampl es was det ect ed i n dupl i cat e bl ot s

pr obed wi t h ' I I I - goat ant i - r abbi t I gG wi t h or wi t hout

noni mmune I gG.

I dent i f i cat i on and Char act er i zat i on of Monocyt e ( 3- Gl ucan Re-

cept or s . To det er mi ne t he mol ecul ar nat ur e of human mono-

cyt e ( 3- gl ucan r ecept or s r eact i ve wi t h t he ant i - I d, det er gent -

sol ubl e pr ot ei ns i n 3- 7 x 107 adher ent cel l s f r omi ndi vi dual

monocyt e donor s wer e pur i f i ed by adsor pt i on of cel l pr ot ei ns

t o noni mmune r abbi t I gG- Sephar ose beads bef or e passage and

el ut i on f r omant i - I d- Sephar ose- The el ut ed pr ot ei ns f r ombot h

t ypes of beads wer e r esol ved by SDS- PAGE and anal yzed by

i mmunobl ot t i ng wi t h t he ant i - I d. Two monocyt e pr ot ei ns

wi t h mol wt of 180 and 160 kD and appar ent aggr egat es

of t hese pr ot ei ns bound t he ant i - l d ( Fi g. 7 A, l ane 2) . None

of t hese speci es had speci f i ci t y f or noni mmune r abbi t I gG

( Fi g . 7 A, l ane 1) . Monocyt es pr epar ed f r om f our separ at e

donor s al ways demonst r at ed a domi nant band of 160 kD and,

i n one case, t hi s was t he onl y det ect abl e monocyt e pr ot ei n

r eact i ve wi t h t he ant i - I d . For quant i t at i ve compar i son, t he

exper i ment s desi gned t o demonst r at e t he pr esence and st r uc-

t ur al pr oper t i es of U937 cel l 0- gl ucan r ecept or s ( Fi g . 6) wer e

r epeat ed, but t he amount s of i mmunodet ect abl e 160 kD pr o-
t ei n i n t he ant i body- and gl ucan- der i ved sampl es wer e nor -

mal i zed t o each ot her and t o t he cor r espondi ng monocyt e
pr oduct . El ect r ophor et i c separ at i on of 0 . 1 pg and 3 . 0 l eg of

cel l pr ot ei n i n ant i body- and gl ucan- der i ved sampl es, r espec-

t i vel y, yi el ded amount s of i mmunodet ect abl e 160 kD pr o-

t ei ns, whi ch wer e si mi l ar ( Fi g . 7 B) and compar abl e t o t he

depi ct ed monocyt e pr oduct ( Fi g. 7 A, l ane 2) . I n t er ms of

Fi gur e 5 .

	

Subuni t l ocal i zat i on of t he

ant i - I d epi t ope i n pur i f i ed U937 cel l

pr ot ei ns . Two- di mensi onal SDS- PAGE

was per f or med wi t h 4. 8 Wg of af f i ni t y-

pur i f i ed U937 cel l pr ot ei n under non-

r educi ng ( NR) condi t i ons i n t he f i r st

di mensi on and r educi ng ( R) condi t i ons

i n t he second. Pr ot ei ns wer e i mmuno-

bl ot t ed wi t h t he ant i - I d and det ect ed

by r adi oaut or adi ogr aphy, as descr i bed

f or Fi g. 4, af t er 17 h of exposur e . I m-

munobl ot anal ysi s of t hr ee t wo- di men-

si onal gel s showed t he same pol ypep-

t i des wi t h t he ant i - I d epi t ope; cont r ol

bl ot s r eveal ed no mol ecul es wi t h spec-

i f i ci t y f or noni mmune r abbi t I gGor t he

l abel ed goat ant i body.
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Fi gur e 6 .

	

I dent i f i cat i on and st r uct ur e of U937 cel l / 3- gl ucan r ecept or s .

Gl ucan- bi ndi ng pr ot ei ns f r om 2 x 108 det er gent l ysed U937 cel l s wer e

evenl y di vi ded i n nomeduced ( l ane 2) and r educed ( l ane 4) sampl es, r esol ved

by SDS- PAGE, and anal yzed i n i mmunobl ot s pr obed wi t h t he ant i - I d as

descr i bed i n Fi g . 4; t he f i l mwas exposed f or 6 d . For compar i son, sol ubl e

pr ot ei ns f r omt he same number of det er gent - l ysed cel l s wer e concur r ent l y

i mmunoabsor bed wi t h an equal r at i o of packed ant i - I d- Sephar ose beads

and anal yzed i n i mmunobl ot s of nonr educed ( l ane 1) and r educed ( l ane

3) sampl es; t he f i l m was exposed f or 17 h . The gl ucan- and ant i body-

der i ved mat er i al s wer e r un i n t he same sl ab gel and t he r esul t s ar e r epr e-

sent at i ve of f i ve anal yses .

cel l number , t hese dat a suggest ed t hat monocyt es cont ai ned

20- 40 t i mes f ewer 0- gl ucan r ecept or s t han U937 cel l s.

To det er mi ne whet her t he st r uct ur al pr oper t i es of R- gl ucan

r ecept or s i n monocyt es and U937 cel l s wer e si mi l ar , det er gent -

sol ubl e pr ot ei ns f r om 4- 7 x 108 monocyt es wer e i m-

munopur i f i ed by col umn chr omat ogr aphy and compar ed, i n

r educed sampl es, t o col umn- pur i f i ed U937 cel l pr ot ei ns. Dupl i -

cat e sampl es, each cont ai ni ng about 0 . 4 Rg of monocyt e and

0 . 8 Ag of U937 cel l pr ot ei n, wer e subj ect ed t o SDS- PAGE

and i mmunobl ot anal ysi s wi t h noni mmune I gG or ant i - I d .

A r educt i on pr oduct of 20 kD was t he onl y monocyt e and

151 7
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Compar i son of ( 3- gl ucan r ecept or s on monocyt es and U937

cel l s . Sol ubl e det er gent l ysat es of 6 x 107 adher ent human monocyt es

wer e sequent i al l y i mmunopr eci pi t at ed f or 1 h at 4° C wi t h Sephar ose beads

bear i ng noni mmune r abbi t I gG( l ane 1) and ant i - I d ( l ane 2) and nonr educed

sampl es of t he el uat ed pr ot ei ns wer e anal yzed, as descr i bed i n Fi g. 4, i n

i mmunobl ot s pr obed wi t h t he ant i - I d ( A) . For compar i son, 0 . 1 and 3 . 0

l Ag of U937 cel l pr ot ei n el uat ed f r omant i - I d- Sephar ose beads ( l ane 1) and

gl ucan par t i cl es ( l ane 2) , r espect i vel y, wer e si mi l ar l y r esol ved by SDS- PAGE

and i mmunobl ot t ed wi t h t he ant i - I d ( B) . Bot h f i l ms wer e exposed f or

9 h; t he dat a ar e r epr esent at i ve of f our i ndi vi dual monocyt e donor s .

t he maj or U937 cel l pol ypept i de det ect ed by t he ant i - I d ( Fi g .

8) . When r adi oaut ogr aphy was ext ended f r om 21 h t o 4 d,

an addi t i onal monocyt e pol ypept i de of 95 kD was det ect ed .

Regar dl ess of exposur e t i me, bl ot s pr obed wi t h noni mmune

r abbi t I gG wer e al ways negat i ve ( dat a not shown) .

Di scussi on

The pr esent st udi es demonst r at e t he mol ecul ar nat ur e of

a- gl ucan r ecept or s on human mononucl ear phagocyt es and

ar e t he f i r st t o char act er i ze t he st r uct ur e of t hese bi ochemi cal

ent i t i es. The ant i - i di ot ypi c ant i body, pr evi ousl y shown t o bi nd

t o and bl ock f unct i on of human monocyt e 0- gl ucan r ecept or s

( 17) , pr ovi ded a means t o i dent i f y and i sol at e r ecept or s whi ch
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Fi gur e 8 .

	

Composi t i on of human monocyt e and U937 cel l 0- gl ucan

r ecept or s . Reduced sampl es cont ai ni ng 0. 4 FLg of af f i ni t y- pur i f i ed mono-

cyt e ( l ane 1) and 0 . 8, ug of pur i f i ed U937 cel l ( l ane 2) pr ot ei ns wer e r esol ved

by SDS- PAGE and anal yzed i n i mmunobl ot s pr obed wi t h t he ant i - I d, as

descr i bed i n Fi g. 6 . The r adi oaut ogr aph was devel oped af t er 21 h of ex-

posur e. Amonocyt e pol ypept i de of 95 kDwas t he onl y addi t i onal speci es

det ect abl e i n f i l ms exposed f or 4 d ; cont r ol bl ot s r eveal ed no mol ecul es

wi t h speci f i ci t y f or noni mmune r abbi t I gGor 1 251- goat ant i - r abbi t F( ab' ) 2.

The dat a ar e r epr esent at i ve of t hr ee anal yses .

i ni t i at e phagocyt osi s of par t i cul at e yeast gl ucan . The avai l -

abi l i t y of a human myel omonocyt i c cel l l i ne pr ovi ded an al -

t er nat i ve t o obt ai ni ng t he l ar ge number s of per i pher al bl ood

monocyt es r equi r ed t o car r y out det ai l ed mol ecul ar st udi es

of a- gl ucan r ecept or s . U937 cel l s ( 25) wer e f ound t o be a

sui t abl e cul t ur ed sour ce of cel l s t hat expr essed sur f ace mat er i al s

ant i geni c f or t he ant i - I d but not f or t he cor r espondi ng ant i -

i sot ype pr esent i n t he same r abbi t ant i ser a bef or e pur i f i cat i on

of t he ant i - I d ( t ext ) . Upt ake of r adi ol abel ed ant i - I d was

sat ur abl e at l evel s of 93- 95%by unl abel ed ant i - I d but was

unaf f ect ed by t he same i nput s of noni mmune I gG ( Fi g. 1) .

Cal cul at i ons based on t he amount s of I gGspeci f i cal l y bound

r eveal ed t hat 2 . 6- 5 . 2 x 106 const i t ut i ve sur f ace mol ecul es
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wer e pr esent on each U937 cel l ; t hese had an appar ent af f i ni t y

of 1 . 9 x 107M- 1 f or t he ant i - I d . Even when consi der at i on

was gi ven t o t hese val ues bei ng der i ved f or l ogar i t hmi cal l y

gr owi ng l eukemi c cel l s, t he dat a i ndi cat ed an unexpect edl y

hi gh number of r ecept or s.

Exami nat i on of sur f ace- r adi oi odi nat ed U937 cel l s demon-

st r at ed t hat t he ant i - I d epi t ope was f ound on t wo pl asma

membr ane pr ot ei ns of 180 and 160 kD ( Fi g . 2 A) . Bot h of

t hese pr ot ei ns di sappear ed wi t h r educt i on and f i ve domi nant

r educt i on pr oduct s of 95, 88, 60, 27, and 20 kD ( Fi g. 2 B,

l ane 2) wer e pr esent . Under r educi ng and nonr educi ng con-

di t i ons, t he onl y ot her r adi ol abel ed pr ot ei ns det ect ed wer e

t wo mi nor const i t uent s. Nei t her of t hese was dependent on

t he speci f i ci t y of t he ant i - I d, as shown by t hei r bi ndi ng t o

noni mmune I gG ( Fi g . 2 B, l ane 1) . The l ar ger pr ot ei n of

72 kD was pr obabl y t he hi gh af f i ni t y I gG FcR 1 ( 26) and

t he smal l er one of 40 kD was, i n al l l i kel i hood, cyt oskel et al

act i n nonspeci f i cal l y bound t o I gG ( 27) . Anal ysi s of t ot al U937

cel l pr ot ei n f ai l ed t o i dent i f y addi t i onal mol ecul es r eact i ve

wi t h t he ant i - I d ( Fi g. 3) . The 180- and 160- kD pr ot ei ns, whi ch

wer e bot h compl exes of sever al di sul f i de- l i nked pol y- pept i des,

account ed f or 85- 90% of t he pr ot ei n pur i f i ed by af f i ni t y

col umn chr omat ogr aphy ; t he r emai nder was near l y equal l y

di vi ded among pr ot ei n aggr egat es of at l east t wo si zes and

a 60- kD pr ot ei n . The t wo maj or pr ot ei ns wer e r educed t o

f i ve pol ypept i des of 95, 88, 60, 27, and 20 kD and t hese ac-

count ed f or 95% of t he t ot al sampl e.

I mmunobl ot s of col umn pur i f i ed ( Fi g. 4) and i mmunoad-

sor bed ( Fi g. 7 B) mat er i al s i ndi cat ed t he ant i - I d epi t ope t o

be mor e pr eval ent on t he 160- kD t han on t he 180- kD pr o-

t ei n . I mmunobl ot s bear i ng l ar ger amount s of col umn- pur i f i ed

( Fi g. 8, l ane 2) and i mmunoadsor bed ( Fi g. 6, l ane 3) mat er i al s

i ndi cat ed t hat each of t he f i ve r educt i on pr oduct s expr essed

t he ant i - I d epi t ope, wi t h t he epi t ope densi t y al ways bei ng

si gni f i cant l y hi gher f or t he 20- kD pol ypept i de. El ut i on of

i mmunoadsor bed mat er i al s wi t h hot SDSwas mor e ef f i ci ent

i n r emovi ng f i r ml y bound mol ecul es f r omsol i d- phase beads,

as evi denced by t he smal l amount s of Hand L chai ns of I gG

and a pr omi nent 40- kD band whi ch was l i kel y a di mer of

t he 20- kD ( Fi g. 6, l ane . 3) .

The i dent i f i cat i on of t he U937 cel l as a cel l t ype havi ng

- gl ucan r ecept or s was det er mi ned by f i r st i ncubat i ng

det er gent - sol ubl e pr ot ei ns wi t h gl ucan par t i cl es and t hen de-

t ect i ng gl ucan- bound pr ot ei ns by i mmunobl ot t i ng wi t h t he

ant i - I d . The gl ucan- bound pr ot ei ns wer e vi r t ual l y i dent i cal

t o t he pr ot ei ns adsor bed and i mmunochemi cal l y det ect ed wi t h

t he ant i - I d. The gl ucan- der i ved sampl es cont ai ned a domi -

nant 160- kD pr ot ei n, a mi nor 180- kD speci es, and t wo ap-

par ent aggr egat es . Al l of t hese di sappear ed wi t h r educt i on

and a 20- kD subuni t pr esent ed as t he r educed mol ecul e wi t h

t he gr eat est i mmunor eact i vi t y ( Fi g. 6, l anes 2 and 4) . For

i mmunobl ot s bear i ng near l y equal amount s of det ect abl e

ant i body- and gl ucan- der i ved pr ot ei n, t he ant i - I d was most

r eact i ve wi t h t he 160- kD pr ot ei ns i n bot h t ypes of sampl es

( Fi g. 7 B) and, i n each case, wi t h t he 20- kD r educt i on pr oduct

( dat a not shown) . That t he gl ucan- der i ved pr ot ei ns wer e

a- gl ucan r ecept or s of t he U937 cel l s was f ur t her suppor t ed

by i mmunobl ot t i ng el uat es of buf f er - t r eat ed gl ucan par t i cl es
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whi ch, despi t e t he ef f i ci ent r emoval of bound mat er i al s, con-

t ai ned no pr ot ei ns r eact i ve wi t h t he ant i - I d .

U937 cel l s shar e many sur f ace char act er i st i cs wi t h nor mal

human monocyt es i ncl udi ng st r uct ur al l y equi val ent f or ms of

sever al l i gand- speci f i c r ecept or s : I gGFcR I ( CD64) and I I

( CD32) , whi ch ar e bot h si ngl e- chai n mol ecul es ( 26) ; t wo

speci es of het er odi mer i c f i br onect i n r ecept or s ( 28) , one of

whi ch has been shown wi t h monocyt es t o be i dent i cal t o

t he f i br obl ast r ecept or ( ver y l at e ant i gen 5) ( 29) ; and t hr ee

noncoval ent het er odi mer s of t he l eukocyt e adhesi on f ami l y

( 23) , Lymphocyt e f unct i on- associ at ed ant i gen 1( CD11a) , Mac-

1/ Mol ( CD11b) , and p150, 95 ( CD11c) , whi ch shar e a common

( 3- subuni t ( CD18) . Dat a obt ai ned f r om t he cur r ent st udi es

of U937 cel l / 3- gl ucan r ecept or s wer e st r i ki ngl y si mi l ar t o

monocyt e pr ot ei ns i mmunopur i f i ed wi t h t he ant i - I d . De-

t er gent - sol ubl e monocyt e pr ot ei ns whi ch wer e i mmunoad-

sor bed and subsequent l y char act er i zed wi t h t he ant i - I d con-

t ai ned a maj or pr ot ei n of 160 kD, a mi nor mol ecul e of 180

kD, and t wo mi nor appar ent aggr egat es ( Fi g. 7 A, l ane 2) .

Each of t hese mol ecul es was composed of sever al di sul f i de-
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